THE RELIEF OF INTRACTABLE PAIN BY SURGERY
By MURRAY A. FALCONER, M.CH., F.R.C.S., F.R.A.C.S. Director, Guy's-Maudsley Neurosurgical Unit In general the treatment of any painful condition is the treatment of its cause. But sometimes this is not possible, either because the underlying pathological process cannot be influenced favourably, or because its nature is not known while the pain itself cannot be relieved by medical treatment. Examples of the first subgroup are seen when nerve trunks are involved by malignant disease, by post-radiation fibrosis, or by other forms of scarring, and also the pain of postherpetic neuralgia, of tabes dorsalis and of certain other diseases of the central nervous system. Examples of the second sub-group are seen in tic douloureux and other neuralgias, in causalgia and in painful phantom-limbs. It is in such conditions that, when pain has become severe and disabling, its relief by surgery has to be considered.
Anatomy of the Pain Pathways
The principle underlying surgical treatment is to section the pain pathways in the nervous system at an appropriate level, and so stop a barrage of abnormal nerve impulses being relayed to the sensorium. As at some levels section of the pain pathways is accompanied by disturbing sideeffects, which may detract from any beneficial result, and as with some conditions a section at one level may succeed whereas a section at another level may fail, knowledge of the pain pathways is essential. i. Pain Sensation in the Trunk and Limbs
Pain impulses from the trunk and limbs are conveyed to the sensorium by three relays of nerve fibres. Those of the first relay are axons of cells in the posterior root ganglion of the spinal nerves, and they include fibres which have ascended in the peripheral nerves from the limbs and the trunk wall, as well as fibres from the sympathetic nervous system that join spinal nerves via the white rami communicantes. These fibres reach the spinal cord in company with afferent fibres conveying other modalities of sensation, and then terminate almost at once in the dorsal gray matter. It is generally taught that, while painful impulses from the viscera pass through the prevertebral sympathetic plexuses, painful impulses from the limbs always pass through the somatic nerves and not through the perivascular sympathetic plexuses. This view, however, is open to doubt, especially in view of the relief of causalgia by sympathectomy.
The second fibre relay is formed by axons of cells in the dorsal gray matter of the spinal cord (substantia gelatinosa of Rolando). These axons quickly cross to the opposite side of the cord and then ascend within the lateral spino-thalamic tract, together with fibres subserving temperature, to the nucleus ventralis posterior of the thalamus '. (Fulton, I943; Brodal, 1948) .
Pain Sensation in the Head
This similarly is relayed to the sensorium by three axonal chains. Pain impulses from the face, anterior two-thirds of the tongue and from much of the buccal and nasal mucous membranes reach the brain stem by afferent fibres of the trigeninal nerve, which have their cell stations in the gasserian ganglion. The glossopharyngeal nerve similarly conveys pain impulses from the posterior third ot the tongue, the tonsillar region and the fauces, while the vagus nerve conveys impulses from the external auditory meatus, the concha of the ear and the larynx. It would seem that within the brain stem, pain fibres from all three nerves are collected into the descending tract of the trigeminal nerve (Brodal, i947; Falconer, 1949 Ingersoll and Meigs (1948). 3. Section of Posterior Nerve Roots-Posterior Rhizotomy
As a method of relieving pain, posterior rhizotomy has the limitation that it affects all modalities of sensation. When only one posterior nerve root is divided, the resulting sensory loss is scarcely appreciable. Generally, however, a minimum of three successive nerve roots have to be divided (the nerve root almost directly involved and those immediately'above and immediately below it) in order to ensure that pain-relief is complete. Posterior rhizotomy, therefore, cannot be applied to the treatment of diffuse pain in a limb, because the complete sensory denervation (including postural sensibility) which follows section of several successive roots would render the limb virtually useless. Even an amputation stump would be hampered for the use of a prosthesis. But in the trunk a similar loss of sensibility may not matter much, and' posterior rhizotomy, therefore, can be readily applied to conditions in which the segmental nerves of the thoracic or abdominal wall are involved in scar tissue or neoplasm. Postenror rhizotomy, however, will not relieve the pain of causalgia, of painful phantom limbs,'nor of postherpetic neuralgia, although it will ease the cutaneous hyperaesthesia which sometimes accompanies these conditions. Attempts have also been made to treat angina pectoris by posterior rhizotomy of the upper five pairs of thoracic nerves, but the results seem somewhat uncertain (Lindgren and Olivecrona, I947; White and Bland, I948). Prior to operation the likely effect of posterior rhizotomy in any particular patient can often be ascertained by paravertebral blocking of the appropriate segmental nerves with local anaesthetic agents. The operation is usually performed in the upper thoracic region, for at this level the spinothalamic tract is usually better defined than at lower levels. A laminectomy of one or two vertebrae (e.g. T2 and 3) is sufficient to expose the cord. Next, one or more slips of the ligamentum denticulatum are divided so as to mobilize the cord. The chordotomy knife is then inserted transversely into the cord immediately in front of the line of the ligamentum denticulatum to a depth of 4 mm., and is directed forwards so that its point emerges on the surface 2 or 3 mm. anterior to the line of the anterior roots. Generally this incision has to be deepened by several small cuts, for the arachnoid is so tough that it cannot be incised satisfactorily in one stroke. Some surgeons rotate the cord through nearly a right angle before incising it, but by using a rightangled knife the cord can be satisfactorily incised with but little preliminary rotation. (A fragment of a safety razor blade set at right angles in the tip of an artery forceps makes a good knife.) Again, some surgeons perform the operation under local analgesia, for the actual incision of the cord is painless, and they can then check the sensory loss and extend the chordotomy if necessary (White et al., I950) . However, this is not essential, and results equally as satisfactory can be achieved under general anaesthesia, provided an adequate incision is made in the cord. Kahn and Peet (1948) and White et al. (1950) have rightly stressed that the incision in the anterolateral column of the cord must be deep and extensive; only the most anterior part of the column need be spared because of the proximity of the anterior spinal artery and because nerve pathways affecting sphincteric control are collected here.
Generally when the cord is incised beneath 'the second or third thoracic lamina, pain and thermal sensibility are completely abolished down the opposite side of the body below the costal margin. This suffices for painful conditions affecting the leg, pelvis or abdomen, provided the pain is unilateral. If, however, the pain affects both sides, a second incision can be made in the other side of the cord, but at a level one segment higher or lower. Convalescence following these operations is usually smooth, apart from a transient difficulty with the sphincters. Difficulty in initiating micturition and in emptying the bladder is quite often seen, especially after bilateral chordotomy, and may necessitate catheterization for a while. It generally clears up within a few days. Root pain due to trauma to a posterior root at the level of cord incision is occasionally encountered, and can be corrected by re-opening the laminectomy and dividing the posterior root.
For painful conditions of the upper limb or of the upper part of the thorax, high cervical chordotomy is necessary. The incision is usually made at a level between the points of emergence of the Ci and C2 nerves, -and should always be performed under local analgesia so that the level of sensory loss produced can be tested after each cut as the incision in the cord is deepened. Since Lindsay and I (I945) reported our two cases of painful phantom of the arm which were relieved by high cervical chordotomy, I have performed the operation in four more cases. In each instance it was possible to produce a level of-analgesia as high as the C4 and Cs segments, and all but one of the six patients have been benefited. The first of my patients has now been followed for seven years and still remains free of pain.
A major difficulty with both cervical and thomcic chordotomy has been to produce a permanent level of complete analgesia. In many of my cases some return of pain sensibility has occurred after several months, leading either to re-appearance of the original pain or to the appearance of perverted sensations in the lower part of the body. Two of my high cervical chordotomies have developed irritable paraesthesiae of the lower limb and trunk, although they remained free of pain in the phantom. In neither instance have these new sensations been as disturbing as the old, although they have been disturbing enough. In two thoracic chordotomies I was chagrined to find, within two months of the operation, a marked return to sensibility to pain.in the lower extremity with simultaneously a return of the old pain. In each instance a second chordotomy was made at a neighbouring level, but again pain sensibility returned after an interval. Occasionally it does not seem possible to produce a satisfactory and permanent loss of pain sensibility in spite of what seems an adequate incision in the cord. Possibly the explanation may be bound up with anomalies of disturbance of the pain-carrying fibres in the cord, and that such anomalies do exist is well illustrated in the case reported by French and Peyton (1948) (Echols and Colclough, 1947; Stone, 1950) and some failure (Horrax, 
Nerves-Cranial Neurectomy
The nerves principally concerned are the trigeminal nerve and the glossopharyngeal nerve. Avulsion of the infra-orbital branch of the trigeminal nerve or of its supratrochlear and supraorbital branches is sometimes performed for tic douloureux affecting their zones of distribution. Such simple measures are principally of value in frail elderly patients. In more active subjects a more radical procedure, such as section of the sensory root, is preferable, because the pain so frequently spreads to involve other branches of the division which are not denervated, and because regeneration of the divided nerves so commonly occurs, even when measures like plugging the infra-orbital canal are taken to prevent this. lDivision of the glossopharyngeal nerve in the neck will relieve tic douloureux affecting that nerve. The approach to a neurosurgeon is more troublesome than by the intracranial route.
Furthermore there are risks of regeneration of the nerve. The approach consequently is seldom employed.
Section of the Sensory 'Root of the Cranial Nerve-Sensory Root Section
This type of procedure is anmlogouw to posterior rhizotomy of a spinal nerve, and as with the latter there is no possibility of regeneration afterwards. Partial or subtotal section of the sensory root of the trigeminal nerve is the standard neurosurgical procedure for trigeminal neuralgia, involving either the second or third division of the nerve, as it so commonly does. Only the lower and outer threequarters or four-fifths of the root are divided, thereby preserving sensibility in the forehead and cornea so that there is no risk of neuropathic keratitis. It is usually possible to preserve the motor root and so avoid a masticatory p4ralysis.
The operation has generally been carried out by the classical approach of Frazier, which is a wholly extradural one, the gasserian ganglion being exposed by elevating the dura off the floor of the middle cranial fossa, after the scalp and temporal muscle have been incised and a small opening made in the skull in the temporal fossa. This approach, however, is sometimes complicated by a facial palsy (due to traction on the great superficial petrospl nerve). Consequently many' British neurosurgeons now practice an intradural approach, in which after opening the skull, they incise the dura and elevate the temporal lobe off the base of the skull, finally opening into Meckel's cave from above. This intradural approach also avoids the bleeding from venous sinuses which may render the extradural approach difficult.
For the infrequent case of trigeminal neuralgia which involves the first division, some surgeons still perform total section of the sensory root, while others resort to alcohol injection of the Gasserian ganglion, which has much the same effect but is simpler to perform. In my opinion, however, section of the descending root of the trigeminal nerve within the medulla is preferable to either of these procedures for pain involving the upper part of the face.
Section of the sensory root of the glossopharyngeal nerve lateral to the brain stem and before it enters the jugular foramen is the standard neurosurgical procedure for glossopharyngeal neuralgia. The approach is an intracranial one, much as for an eighth-nerve section.
Alcohol Injection of the Gasserian Ganglion and its Branches
Injection of certain peripheral branches of the trigeminal nerve with go per cent.. alcohol-the third division at the foramen ovale, the infraDecember I 95 I 6og group.bmj.com on July 8, 2017 -Published by http://pmj.bmj.com/ Downloaded from orbital nerve in its canal and the second division in the sphenomaxillary fossa-are commonly performed for trigeminal neuralgia affecting these branches. The techniques of injection are well described by Harris (I937). The numbness produced by these injections, however, is only temporary, persisting three to four months in the instance of the infra-orbital nerve and up to nine months for the third division. Re-appearance of pain is likely once cutaneous sensibility returns, and although alcohol injections may then be repeated, the common experience is that each subsequent injection becomes increasingly difficult and its effect less lasting. However, many neurosurgeons feel that it is well to employ one of these injections as the first stage in treatment of trigeminal neuralgia. For, once their old pain is forgotten, many patients complain bitterly of the numbnpss of their face, and a trial of the transient numbness which follows alcohol injection will condition most patients to accept the permanent numbness which follows operation.
In contrast to the transient effects of injection of its peripheral branches, alcohol injection of the Gasserian ganglion usually produces permanent numbness and consequently permanent relief of pain. However, if the cornea is also rendered anaesthetic, as so commonly happens, there is an ever present risk of neuropathic keratitis. Certainly this risk can be obviated by prescribing closely-fitting goggles or else a contact lens, which the patient must wear whenever he goes out of doors, and consequently alcohol injection of the ganglion is widely practised in this country. Moreover, alcohol injection of the ganglion is usually easy to perform, but against this must be balanced the extensive numbness of the whole face which it produces and the risk of corneal complications. My personal view is that when pain is confined to the second and third divisions it is preferable to perform a partial section of the sensory root, and when pain involves the first division to perform instead an intramedullary trigeminal tractotomy.
Intramedullary Trigeminal Tractotomy
Section of the descending tract of the trigeminal nerve within the medulla leads to loss of pain and thermal sensibility, but with sparing of touch. In my opinion it is the most satisfactory method of treating trigeminal neuralgia involving the upper part of the face' or cases of trigeminal neuralgia in which an operation becomes necessary on the second side. The procedure is not an analogous one to a chordotomy, for it involves the primary and not the secondary relay of neurones, and produces its sensory loss over the same side of the-face and not on the opposite side. Further experience may show that it is possible to achieve the same degree of pain relief by a less extensive procedure. Le Beau (1950) has recorded his experience of bilateral topectomy for persistent pain due to various causes. In this procedure he excised a large part of the superior frontal convolutions on either side, and he claimed good results in a large proportion of his cases with a minimal degree of mental impairment. Scarff (1950) found that, following a unilateral prefrontal leucotomy in which the connections of the frontal lobe were thoroughly transected, pain was relieved with little or no psychical clouding. It was immaterial which cerebral hemisphere was operated on. My experience, like that of others, is that after a short interval pain may again become troublesome, necessitating a leucotomy of the opposite frontal lobe. There is, however, no contraindication to performing frontal leucotomies in stages, and White and his colleagues (I950) favour a complete unilateral prefrontal leucotomy in the first instance, followed at a later date by a section of the other cerebral hemisphere,'if the pain returns or is inadequately relieved. Their experience is that by this stage procedure pain is relieved as effectively and with less psychical deterioration than after the one-stage bilateral operation.
Further Comments
It is, in some respects, a pity that inoperable neoplastic disease bulks so largely as a cause of intractable pain, for in the eyes of many clinicians the surgical relief of pain is but a means of easing the last days of a patient who will shortly succumb from a malignant lesion. Yet there are several conditions, in the aggregate perhaps as numerous as cases of pain due to malignant disease, which are not lethal in themselves and which yet cause pain of sufficient severity to justify surgical intervention. Examples are seen in tic douloureux and other intra'ctable neuralgias, in causalgia and painful phantom limbs, and in the involvement of nerve structures by scar tissue. It is essential that the operative procedures undertaken in such conditions should be effective and long-lasting, and yet safe and without militating side-effects. One should deprecate too ready a tendency to submit patients to leucotomy without deciding whether the pain is of organic or psychical origin, and whether it can be relieved by some less disturbing procedure.
The use of diagnostic procaine blocks of the pain pathways is often of great assistance both in diagnosis and in deciding what surgical procedure should be tried in a particular patient.
Surgical treatment offers its most certain prospects for relieving pain when it is of somatic or visceral origin. It is otherwise with pain due to organic disease of the central nervous system. I have indicated our comparative helplessness in treating post-herpetic neuralgia, the ' thalamic syndrome,' and other conditions affecting the nervous syptem, except by the drastic procedure of prefrontal leucotomy. Even the common condition of migraine still challenges us. We have still a great deal to learn.
